The synthesis of the viral glycoprotein of Rous-associated virus-2 was studied in vitro in a cell-free system programmed with viral RNA and supplemented with dog pancreas membranes. The protein synthesized was related structurally and immunologically to those found in Rous-associated virus-2-infected chicken embryo fibroblasts. This work confirms and extends earlier work on the nature and synthesis of viral glycoproteins.
The envelope (env) gene of avian leukemia sarcoma viruses encodes the envelope proteins of the virion, gp85 and gp37, which are linked by disulfide bonds (7, 10, 24) . These proteins have been shown to be derived from a glycosylated polyprotein precursor (molecular weight, 92,000), Pr92env (3, 10, 12, 14, 15) , the predominant species found in the cell. Translation of viral mRNA of various sizes allowed the identification of the mRNA for the env gene product as a molecule of 21S for leukosis viruses and 28S for sarcoma viruses (16, 17, 22, 24) . The primary product encoded by these mRNAs is a protein of 65,000 (65K) to 70,000 daltons (70K), which is specifically immunoprecipitated by antisera raised against the envelope glycoprotein gp85.
The purpose of the experiments described here was to study the synthesis and processing of the viral glycoprotein in a cell-free system programmed by viral RNA and supplemented with dog pancreas membranes in a manner analogous to that described by Katz et al. (11) for the glycoprotein of vesicular stomatitis virus. In doing so we wanted to identify the protein product of the 21S viral RNA from Rous-associated virus-2 (RAV-2) and RAV-2-infected chicken embryo fibroblasts (CEF) and relate it structurally and immunologically to the predominant form of the viral glycoprotein found in the infected cell, Pr92env. In addition, we wanted to determine the nature of the protein synthesized in a cell-free system supplemented with dog pancreas membranes and determine its relationship to Pr92en .
To this end polyadenylated subgenomic fragments of RNA from RAV-2 and polyadenylated RNA from RAV-2-infected CEF were prepared as described by Purchio et al. (19) and sized on 5 to 20% neutral sucrose density gradients. RNA 21S to 23S in size was collected in each case, precipitated, and resedimented on a second 5 to 20% neutral sucrose gradient; it was then pooled, ethanol precipitated, and prepared for translation.
Translation reactions were carried out with rabbit reticulocyte lysates (18) and were programmed with 21S RAV-2 RNA, prepared as above, using either [35S]methionine or [35S]cysteine as a label as described by Purchio et al. (19) . As can be seen in Fig. 1 the predominant protein synthesized by 21S RAV-2 RNA has a molecular weight of approximately 64K, as described by others (16, 17, 22) . A small amount of protein with a molecular weight of 76K is also synthesized and probably represents Pr76 programmed by gag-gene mRNA contaminating the 21S fractions obtained from the sucrose density gradients. In addition to the 76K-dalton and 64K-dalton proteins, several proteins of lower molecular weight were also synthesized and probably represent products of premature termination of protein synthesis.
To determine whether a message 21S in size isolated from RAV-2-infected CEF could also program the synthesis of a protein of this size, polyadenylated RNA was isolated from RAV-2-infected CEF by oligodeoxythymidylic acid-cellulose column chromatography and sized on sucrose density gradients as described previously (18) . Using 21S RNA to program the rabbit reticulocyte cell-free protein-synthesizing system, it can be seen ( Fig. 1 ) that a protein of 64K daltons was synthesized along with a variety of other proteins which probably represent proteins encoded by cellular mRNAs 21S in size.
To characterize the primary product of these translation reactions and to relate this product to the viral glycoprotein two experiments were carried out. In the first experiment, the product Cell-free products programmed by 21S viral RNA and 21S RAV-2-infected CEF RNA. Viral 21S RNA and polyadenylated 21S RNA from RAV-2-infected CEF were isolated as described previously (19) and used to program a message-dependent rabbit reticulocyte lysate cell-free protein synthesizing system (18) . Proteins synthesized were either immunoprecipitated as described previously or analyzed directly by sodium dodecyl sulfate-PAGE, fluorography, and autoradiography. Lanes ed by immunoprecipitation of labeled disrupted virions (data not shown) and by immunoprecipitation of [35S]methionine-labeled RAV-2-infected CEF cell extracts. As can be seen in Fig. 2 , both sera recognized the polyprotein precursor Pr92en , as well as, in the case of immune serum A, Pr76, the precursor to the internal structural proteins. Little of the mature glycoproteins gp85 or gp37 was immunoprecipitated from these cells. Pr92, immunoprecipitated by these two sera, appeared to migrate slightly differently by polyacrylamide gel electrophoresis (PAGE), a difference which appears to reflect the specificity of the antisera for two different forms of Pr92 which vary in glycosylation and degree of sulfhydryl bonding (data not shown).
To show an immunological relationship between the proteins synthesized in vitro by 21S viral or cellular RNA and the viral glycoprotein, we dissolved cell-free product in RIPA lysis buffer (9) and immunoprecipitated the product, as described previously (4), with immune serum B or normal serum. As can be seen in Fig. 1 , the 64K-dalton protein was specifically precipitated from cell-free lysates programmed with viral or cellular 21S RNA, using antiserum against the viral glycoprotein, thus relating these proteins immunologically.
To confirm this relationship, it was necessary to show structural similarity between the protein synthesized in vitro, the 64K-dalton protein, and the predominant form of the glycoprotein found in vivo, Pr92env. This was accomplished by two-dimensional chymotryptic -S of cell-free translation was related to the viral glycoprotein immunologically, and in the second experiment, the product was related structurally by peptide mapping. Both experiments relied on the availability of antisera capable of recognizing the viral glycoprotein and, in this case, the polyprotein precursor Pr92env. Two types of antisera were used in these experiments. Immune serum A was prepared by injecting 8-to 10-week-old New Zealand white rabbits with 500 ,ug of RAV-2 virus which had been prepared as follows. The virus was harvested every 12 (4) . Immunoprecipitated proteins were analyzed on 10% sodium dodecyl sulfate-polyacrylamide gels (13) , which were soaked for 30 min in a 1 M solution of salicylic acid (5), dried, and exposed at -70°C, using Kodak Xomat X-ray film. Lane A teins essentially as described by Erikson et al. (8) . As can be seen in Fig. 3 (A and B) Having characterized the primary product of RAV-2 viral and cellular 21S RNA and having shown its relationship to the primary product found in the infected cell, the glycosylated Pr92en', it was of interest to study the processing of primary product to the precursor pM92en'. Analogous studies carried out by Katz et al. (11) provided an in vitro model system in which this could be accomplished. In this system, dog pancreas microsomal membranes, added to the cell-free protein-synthesizing system, provide the enzyme machinery required for the processing (i.e., glycosylation) of glycoproteins, as has been described in a variety of systems (1, 2, 11) .
Rough endoplasmic reticulum vesicles were isolated from dog pancreas, essentially as described by Katz et al. (11) . These were added to the reticulocyte cell-free system before the addition of RAV-2 viral RNA 21S in size and were present during translation. Proteins synthesized in the presence and absence of pancreas microsomal membranes were analyzed and, as can be seen in Fig. 4 , a 64K-dalton protein as well as a 92K-dalton protein was synthesized in the presence of membranes. In the absence of membranes only the 64K-dalton protein was synthesized ( Fig. 1) .
Because proteins synthesized and processed in the presence of the microsomal membrane fraction appear to be transferred into the lumen of the membrane vesicles, they are protected from digestion by enzymes such as trypsin (11) . To determine whether any of the proteins synthesized in our system were resistant to trypsin treatment after translation, part of the reaction mixture was treated with trypsin as described previously (11) . After incubation, the products of the translation reactions carried out in the presence or absence of membranes and with or without trypsin treatment were analyzed. Only the 92K-dalton protein and a protein endogenous to the cell-free system were protected from trypsin digestion, suggesting that the 92K-dalton protein had been sequestered within the lumen of the microsomal membrane vesicles (Fig. 4A) .
To determine whether the 92K-dalton protein synthesized in the reticulocyte cell-free system programmed with 21S RAV-2 RNA was glycosylated, its binding to columns of lens culinaris coupled to Sepharose was tested. Binding occurred, but elution of the protein with CX-Dmethyl-mannopyranoside could not be accomplished. Thus, it was not possible to say conclusively that the 92K-dalton protein synthesized in our system was glycosylated. We were able to demonstrate, however, that the protein synthesized in this system was immunologically related to the 92K-dalton protein precipitable from RAV-2-infected cells. Immunoprecipitation of cell-free product from translation reactions carried out in the presence of membranes was done with immune serum B and with normal serum. As can be seen in Fig. 4B , 92K-and 64K-dalton proteins are immunoprecipitable with immune serum. Other proteins of lower molecular weight which were specifically immunoprecipitated are thought to be either premature termination products or proteolytic cleavages of 64K-or 92K-dalton proteins. In addition, the 92K-dalton protein, synthesized in vitro and immunoprecipitated, could be shown to comigrate with the 92K-dalton protein immunoprecipitated with immune serum B from the infected cell (data not shown).
From the work described here it is clear that, in vitro, the primary product of RAV-2 viral and cellular mRNAs is a protein of 64K molecular weight which could be related immunologically and structurally to the polyprotein precursor to the mature viral glycoproteins Pr92enV. This work confirms and extends the results of others (16, 17, 22) . In addition, we were able to demonstrate the synthesis of a protein of 92,000 daltons in rabbit reticulocyte lysates programmed with 21S RNA from RAV-2 supplemented with dog pancreas microsomal membranes. This protein could be related immunologically to the precursor Pr92eMY, precipitable from RAV-2-infected CEF. These results imply that the 64K-dalton primary product is processed by microsomal membranes during its synthesis to give rise to the glycosylated precursor, Pr92enV, which is the predominant form of the viral glycoprotein found in the infected cells (3, 12) . In vivo, the 64K-dalton protein can only be seen under conditions which inhibit glycosylation, such as growth in tunicamycin (6, 23) , lending support to the notion that processing of the 64K-dalton protein in vitro mimics the process occurring in vivo. More evidence to support this hypothesis comes from the recent work of Purchio et al. (20) , in which they demonstrated that the 64K-dalton protein (and by extension the 92K-dalton protein) was synthesized exclusively on membrane-bound polyribosomes. Further analysis of this in vivo processing should clarify the pathway by which this glycoprotein is synthesized and inserted into the cell membrane.
